The main priority when designing cancer immuno-therapies has been to seek viable biological mechanisms that lead to permanent cancer eradication or cancer control. Understanding the delicate balance between the role of effector and memory cells on eliminating cancer cells remains an elusive problem in immunology. Here we make an initial investigation into this problem with the help of a mathematical model for oncolytic virotherapy; although the model can in fact be made general enough to be applied also to other immunological problems. Our results show that long-term cancer control is associated with a large number of persistent effector cells (irrespective of the initial peak in effector cell numbers). However, this large number of persistent effector cells is sustained by a relatively large number of memory cells. Moreover, we show that cancer control from a dormant state cannot be predicted by the size of the memory population.
Introduction 1
It is well known that after successful reaction to a pathogen, long-lasting 2 immunity can be stimulated [28] . Harnessing this natural defence system,
These equations incorporate the following biological assumptions:
112
• The uninfected tumour cells grow logistically at a rate r, up to their 
130
• The infected tumour cells die at a rate δ (when they burst to let the 131 replicated virus particles out). Also, they are killed by the effector cells 132 at a rate d u .
133
• The memory cells proliferate, at a rate p m , in the presence of virus to virus particles.
143
• The effector cells are the result of de-differentiation of memory cells 144 in the presence of antigens (both virus antigens and tumour antigens).
145
The sight into these steady states by plotting the surfaces described by the right- 
Substituting this expression into Equation (1a) and considering only the 217 tumour-present solutions yields the cubic equation
where
Only real positive solutions of the cubic provide biologically relevant steady 220 states. For any given x * m we may have between one and three steady states x * u .
222
To investigate the stability of these tumour-present virus-free steady state
, we observe that the five eigenvalues of the Jacobian calcu-224 lated at the steady states are: λ = 0 and the two solutions of the quadratics
and
Positive eigenvalues exist, and stability fails if either H 1 < 0 or H 2 < 0
226
(or both). In Figure 2 we plot the states x * u against the states x * m given 227 by the cubic (4), for the parameter values investigated in this article (see 228   Table A. 2). Here, we show also the threshold stability curves, H 1 = 0 and 229 H 2 = 0. We note that only one branch of stable steady state solutions exists. at a low tumour size, the virus-free (VF) steady states discussed previously.
245
Biologically, our concern with this VF state makes sense, as we would hope 246 to find a treatment protocol in which, after reducing the tumour size, the 247 virus would be cleared. 
A simplified virus-free system 249
Next, we consider a completely virus-free system. We will return to this model in the next sections, when we will investigate the role of the memory versus effector immune responses in tumour control. In the absence of the virus, system (1) reduces to
The steady states (x * u , x * m , x * e ) of this system still satisfy equations (3) and The eigenvalues of system (9) are governed by
where G 2 and H 2 are given as before. Thus, stability of the virus-free system 257 is governed solely by the sign of H 2 . In Figure 4 we plot the steady state investigation of the long-term behaviour of system (9) shows that the system 262 always chooses one stable steady state (filled blue circles in Figure 4(a) ).
263
We observe that the transition from the upper stable branch to the lower 
Tumour growth dynamics

274
In this section, we investigate the time-evolution of systems (9) and (1) 275 towards the VF steady states described previously. We start by discussing first the dynamics of the virus-free system (9). In Note that the behaviour shown in Figure 5 is for initial conditions with 296 zero effector cells (x e (0) = 0). If we add an initial effector cell population to 297 the system, it has the effect of slightly reducing the value of x m (0) for which 298 we achieve the jump to the lower steady-state branch for the tumour cells.
299
For example, if x e (0) = 100 we require x m (0) ≥ 323 to achieve the lower 300 value of x * u .
301
Figure 6: Explicit time plots for (a) the uninfected tumour size, (b) the effector population for different values of the initial memory cell-population for virus-present initial conditions. In each case x u (0) = 10 6 , x v (0) = 1 and x i (0) = x e (0) = 0. All parameters are as in Table A .2.
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We next consider the behaviour of the full system (1) (which is not virus- higher initial memory population size continues to be important. As such,
367
we conclude that focus should remain on stimulating a high initial memory Table A.2. population.
369
Discussion
370
In this article, we introduced a simple, nonlinear mathematical model 
